The decay b → d e + e − has an amplitude containing comparable con- 
The purpose of this paper is to derive quantitative predictions for the CP-violating partial width asymmetry between the channels b → d e + e − andb →d e + e − .
II. THE EFFECTIVE HAMILTONIAN FOR
The effective Hamiltonian for the decay b → d l + l − in the standard model can be written as
where we have used the unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) matrix
For the purpose of this paper it is convenient to use the Wolfenstein representation [4] of the CKM matrix with four real parameters λ = sin θ C ≃ 0.221, A, ρ, and η, where η is a measure of CP violation. In terms of these parameters
where the ellipsis denotes higher-order terms in λ. Furthermore, we will make use of
3)
The operator basis {O i } for H eff is given in Refs. [5, 6] with the obvious replacement from the scale µ = m W down to µ = m b by means of the renormalization group equation has been discussed in several papers, and we refer the reader to the review article of Buchalla et al. [7] . The resulting QCD-corrected matrix element can be written as , are the same as in the b → s analogue, and can be found in Refs. [7] [8] [9] [10] . Using the parameters given in Appendix A, we obtain in leading 
where the properties of the vector mesons are listed in Ref. [12] .
We prefer to follow a different procedure, discussed in our previous paper [13] , which uses the renormalized photon vacuum polarization Π γ had (ŝ), related to the measurable quantity R had (ŝ) ≡ σ tot (e + e − → hadrons)/σ(e + e − → µ + µ − ). This allows us to implement the long-distance contributions using experimental data.
The absorptive part of the vacuum polarization is given by
whereas the dispersive part may be obtained via a once-subtracted dispersion rela-
where P denotes the principal value.
To derive an expression that relates g(m q ,ŝ) and R had (ŝ), let us start with the electromagnetic current involving u, d and c quarks, which is relevant to the production of ρ, ω and J/ψ resonances:
Using Eq. (3.4), the vacuum polarization may then be written as
The vacuum polarization Πassociated with aloop is related to g(m q ,ŝ) via
Next we define currents corresponding to the quantum numbers of ρ, ω, and J/ψ
with j q µ =qγ µ q, in terms of which the vacuum polarization, Eq. (3.5), can be rewritten as
With the assumption m u = m d it follows immediately that Π uū = Π dd , and we arrive
For the real part of the one-loop function g(m q ,ŝ) one finds
and
Note that in many cases the evaluation of the dispersion integral may be carried out analytically (see e.g. Ref. [15] ). The cross-section ratios appearing in Eqs. (3.11)-(3.14) may be written as 16) where the subscripts "cont" and "res" refer to the contributions from the continuum and the resonances respectively. The J/ψ resonances and ω are well described through a relativistic Breit-Wigner form, i.e.
with aŝ-independent total width, which is quite adequate for our purposes. The ρ resonance may be introduced through
F π (ŝ) being the pion form factor, which is represented by a modified GounarisSakurai formula [16] . The continuum contributions can be parametrized using the experimental data from Ref. [17] , and are given in Appendix A.
IV. BRANCHING RATIO AND CP -VIOLATING ASYMMETRY
The differential branching ratio for b → d l + l − in the variable √ŝ including next-to-leading order QCD corrections is given by 
with
while the ratio of CKM matrix elements in terms of the Wolfenstein parameters ρ values of (ρ, η) excluding the region (±20 MeV) around the J/ψ and ψ ′ resonances. 
where f (m c ) and κ(m c ) represent the phase space and the one-loop QCD corrections [19] to the semileptonic decay respectively, and are given in Appendix B. Integrating the distribution in Eq. (4.1) for l = e, µ, and τ over √ŝ , we obtain the branching ratio
, depending on the specific choice of ρ and η. The results are shown in Table I , for typical values of (ρ, η) in the experimentally allowed domain [1] .
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Note that the branching ratio is quite sensitive to the Wolfenstein parameter ρ. For instance, the branching ratio for B → X d e + e − varies from 2.7 to 7.9 × 10 −7 , when ρ is varied from +0.3 to −0.3.
Let us now turn to the CP-violating rate asymmetry, which is defined as follows:
where
The physical origin of a CP-violating asymmetry in the reaction can be understood by considering the term proportional to c eff 9 in the matrix element, which can be written symbolically as
The corresponding matrix element forb →d
giving an asymmetry with c eff 9 , and the asymmetry takes the final form to note that the ρ resonance is barely visible in the invariant mass spectrum, but has a strong influence on the asymmetry in the region up to 1 GeV. We have evaluated the branching ratio and average asymmetry A CP for different regions of √ s using Eq. (4.6), and our results are displayed in Tables II-IV. 3 
V. CONCLUSIONS
The principal results of our analysis are as follows: to 2.9 × 10 −3 (see Table IV ).
(iii) Finally, it is possible to contemplate gluonic corrections to the effective
Hamiltonian, that allow the transition b → dJ/ψ to take place not only
An illustrative calculation by Soares [22] yields an asymmetry of about 1% from such a mechanism.
Our general conclusion is that a measurement of the branching ratio and partial (A3)
APPENDIX B: USEFUL FUNCTIONS
As noted by Misiak [10] , the function ω(ŝ) can be inferred from [23] and is defined by 
